Hospital effluents are a major source for the occurrence of pharmaceuticals in the 12 environment. In this work, the treatment of synthetic urine polluted with chloramphenicol 13 is studied by using three different conductive-diamond electrochemical oxidation 14 technologies: electrolysis (single electrolysis), photoelectrolysis and high-frequency 15 ultrasound sonoelectrolysis. These technologies were evaluated at 10 and 100 mA cm -2 . 16
occurrence at high current densities (100 mA cm -2 ). On the other hand, irradiation of 22 ultraviolet (UV) light or high-frequency ultrasound (US) produce changes in the 23 performance of the electrolytic treatment, but these changes are not as important as in 24 other cases of study shown in the literature. Nonetheless, the effect of electroirradiated 25 technologies seems to be higher and depends on the type of pollutant when working at 26 low current densities (10 mA cm -2 ). It is positive in the case of the degradation of the 27 antibiotic and the uric acid and negative in the case of urea where there is a clear 28 antagonistic effect. Production of oxidants increases with the current density although in 29 lower ratio than expected. These results are of great importance because clearly point out 30 that electrolytic technologies can be applied to minimize the diffuse pollution associated 31 to pharmaceuticals before discharge into municipal sewers. 32
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Introduction 46
In recent years, many works have confirmed the efficiency and robustness of the 47 application of Conductive-Diamond Electrochemical Oxidation (CDEO) for the 48 mineralization of effluents containing organic pollutants such as alcohols (Cañizares et authors, chloramphenicol degradation from human urine media has not been studied yet. 107
Likewise, irradiated assisted CDEO has never been applied before for the treatment of 108 this antibiotic. Hence, in this work, our efforts are focused on the clarification of the 109 influence of the current density (10 -100 mA cm -2 ) on the mineralization process by three 110 highly efficient electrochemical advanced oxidation processes, based on CDEO: single 111 electrolysis, photoelectrolysis and high-frequency sonoelectrolysis. This two current 112 densities were proposed as boundary cases of study, according to previous works of our 113 group (Canizares et al. 2007 ozone, hydrogen peroxide…) were determined iodometrically according to Kolthoff & 171 Carr (Kolthoff and Carr 1953) . The pH and conductivity were measured using a CRISON 172 pH25+ and CRISON CM35+, respectively. 173
The intermediates generated from the organic products were extracted with ethyl acetate 174 within a ratio pollutant/solvent of 0.6 w/w. Then, both phases were stirred using a vortex 175 mixer during 5 minutes and after that, samples were centrifuged during 15 minutes at 176 4,000 rpm. The organic phase was analyzed by GC-MS using a Thermo Scientific DSQ 177 The first important observation is that urea, creatinine and uric acid are totally depleted 222 during the two electrolyses. Furthermore, and opposite to what it was observed with the 223 antibiotic, no significant influence of the current density is observed on the degradation 224 of urea and creatinine, because the data obtained at 10 and 100 mA cm -2 are almost 225 overlapped, meaning that the same charge is required to remove a similar percentage of 226 these organics. On the other hand, in the case of uric acid, the oxidation seems to be more 227 efficient at the highest current density. Hence, current density affects in a different way 228 to the four organic molecules contained in the urine and the only way to explain these 229 differences is by considering the effect of the different oxidants produced on the 230 electrochemical cell on the chemical reactivity of the four organics, which, in fact, it is a 231 competitive oxidation. Specifically, hypochlorite (Eqs. (1)-(3)), peroxosulfate (Eq. (4)), 232 peroxodiphosphate (Eq. (5)) or percarbonate (Eq. (6)) can be generated from the ions 233 present in the effluent. These species attack each organic compound with different 234 efficiency depending on its chemical structure (Cotillas et al. 2018) . In this context, 235 aromatic and cyclic molecules which present more functional groups are more easily 236 degraded by oxidants. Therefore, the concentration of these species plays a key role on 237 the removal of all organics present in the effluent. 238 Figure 3 , where it can be seen 246 that the higher the current density, the higher is the oxidants concentration produced 247 ("cocktail" of hypochlorite, peroxosulfate, hydrogen peroxide…). However, it is 248 important to take in mind that the measured oxidants are those which have not reacted 249 and, hence, it is assumed that many other species could be involved in the oxidation of 250 the organics contained in the urine. Kinetic constants significantly depend on the current density and on the particular 278 pollutant studied. In comparing the effect of the current density, it can be observed that 279 changing by one log-unit the current density only produces an increase in the oxidation 280 ratio by a factor of 2-3, clearly indicating that processes are less efficient at highest current 281 densities. In comparing the oxidation of pollutants, it is important to point out that the 282 antibiotic and the uric acid are more easily oxidized than urea and creatinine, and that this points out that differences in the mineralization are more important at 10 mA cm -2 , where 312 the irradiation of US, and especially of UV, lead to a lower mineralization efficiency. 313
Thus, the TOC removal after passing an electric charge of 6.0 Ah dm -3 was 38.08 %, 314 28.47 % and 21.85 % for electrolysis, sonoelectrolysis and photoelectrolysis, 315 respectively. 316
The slight differences observed in the removal of the organic compounds studied and 317 TOC have to be explained by the formation of reaction intermediates during the 318 electrochemical processes, which entail a slower removal of TOC than each initial organic 319 compound. In this context, Table 2 summarizes the main intermediates formed during the 320 three electrolytic technologies used for the oxidation of chloramphenicol in synthetic 321 urine and detected by GC-MS. 322 The number of intermediates found in this work is much lower than that reported in other 326 works focused on the mineralization of chloramphenicol in aqueous media by different 327 perchlorates are generated, which becomes a major advantage taking into account the 385 hazardousness of both species (Bergmann et al. 2009 , Bergmann et al. 2015 and indicates 386 that a high content of ammonium in solution and low current densities can be a way to 387 prevent, or at least minimize, the appearing of these two species. Results obtained 388 working at 100 mA cm -2 are completely different. Production of chloramines and nitrogen 389 trichloride is also observed, resulting in this case in higher concentration in the bulk. 390
Likewise, within a long period of the tests, formation of chlorates and perchlorates is 391 prevented, although, eventually the concentration of perchlorate increases suddenly and 392 total conversion of chloride into perchlorate is attained. Initially, this was the expected 393 outcome of the electrolysis with diamond. However, the prevention in their formation at 394 low current density and the delay at high current densities clearly indicate that presence 395 of species capable of reacting with hypochlorite (like the nitrogen species contained in 396 urine in very high concentrations) is a very interesting mechanism to avoid the formation 397 of chlorates and perchlorates. As it is well-known, formation of these hazardous species 398 is becoming nowadays one of the most important weaknesses of CDEO-based 399 technologies. 400 Experimental results show how organic nitrogen is totally transformed into inorganic 430 species over the tests, being slightly more efficient the conversion of organic nitrogen in 431 the non-irradiated technology, both at high and low current densities. Ammonium is the 432 primary species measured in the bulk and low concentration of nitrates and nitrites are 433 also formed. Likewise, as pointed out before, ammonium is transformed into chloramines 434 and nitrogen trichloride during the test, explaining the decrease in the total amount of 435 nitrogen because of the formation of dinitrogen. 436
Finally, Table 3 depicts the electrochemical production of oxidant species during the six 437 electrolysis tests. 438 Table 3 . Maximum concentration of oxidants (mmol) produced after three hours of 439 
